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having burn’d it .with Soap in the manner defcrib’d. 
It is no Treafure; but if you. have none of it, it may 
be worth your Acceptance. 


Utrecht , Jan. 
jyth, 1733. 0 .S. 


I am, Sir, 

Your, &c. &c. 

"Pep us Fan Mufchenbroekl 


Vlir. An Account of fome ObferVations made in 
London, by Mr. George Graham, F. p. S.and 
at Black-River in Jamaica, by Colin Camp¬ 
bell, Efifc F. p. S. concerning the Going of a 
Clock $ in order to determine the Difference be¬ 
tween the Lengths of Ifochronal Pendulums in 
thofe Places. Communicated by J. Bradley,. 
M. A. Aftr. Prof. SaVill. Oxon. F. p. $. 

A Ltho* it is now above Sixty Years fince Mr. 

Richer firft difcovered, that Pendulums of the 
fame Length, do not perform their Vibrations in 
equal Times in different Latitudes; and tho’ feveral 
Experiments made fince in different parts of the 
Earth concur to prove, that Pendulums fwinging 
Seconds are in general fhorter as we approach the 
Equator } yet what the real Difference is between 
their Lengths in different'Latitudes, does not Teem 
to have been determined with fufficient Exactnefs, 
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by the Obfervations that have hitherto been commu¬ 
nicated to the Publick; as may be gathered from the 
20th Propofition of the third Book of Sir.Ijdac New-, 
ton’s Principia, where they are compared as well 
with each other, as with the Theory of that illuftri- 
ous Author, It were therefore to be wiftied, that 
more of this kind of Experiments could be made with- 
greater Accuracy in proper Places, by fuch Perfons 
as have fufficient Skill and Opportunities to do it; 
that we might thereby be enabled to judge with more 
Certainty, concerning the true Figure of the Earth, 
and the Nature of its conftituent Parts. 

As an Inducement to fuch as may have it in their 
Power to put the like again into P ra&ice ; I fhall 
lay before the Society, an Account of a very curious 
Experiment of this fort lately made in Jantaica, by 
our worthy Member Colin Campbell , Efqj whofe 
Knowledge and Abilities in every refpeft: qualifies 
him for the Improvement of Arts and Sciences; and 
whofe Genius prompts him to cultivate them fo afli- 
duoufly, that I doubt not but we (hall foon have the 
Satisfa&ion of receiving many other valuable Obfer¬ 
vations from him, particularly fuch as relate to Aftro- 
noray j he having furniihed himfelf with an Appara¬ 
tus of Inftruments not unworthy the Obfervatory of 
a Prince. Among thefe is a Clock whofe Pendulum 
vibrates Seconds, made by our ingenious Member 
Mr. George Graham , juftly efteem'd for his great 
Skill in Mechanicks \ who judging that an Opportu¬ 
nity was now offered of trying with the utmoft Ex- 
a&nefs, what is the true Difference between the 
Lengths of Ifochronal Pendulums at London and Ja* 
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maicat readily embraced it} and in framing the Parts 
of the Clock, carefully contrived, 'that its Pendulum 
might at pleafure be reduced to the fame Length* 
whenever there fhould be occafion to remove the 
Clock from one Place, and fet it up in another. 

This Clock being chiefly defigned for Agronomical 
Obfervations, had no ftriking Part, and its Pendu¬ 
lum was adjufted t-ofuch a Length, that in London 
it vibrated Seconds, of Siderial, and not of Solar 
Time. When it was flniihed, Mr. Graham fix’d it 
up in a Room Stuated backward from the Street, and 
on the Northfide of his Houfe, to prevent its being 
difturbed by Coaches, or other Carriages that palfed 
thro* the Street, and that it might ibe as little effe&ed 
by the Sun as poffible. Having fet it going, he com¬ 
pared it with the Tranfits of the Star Lncida Aquilx 
over the Meridian, which palfed 
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Hence it appears, that the Clock gain’d twelve Se¬ 
conds in ten Apparent Revolutions of the Star. 

In order to eftitnate how much the Pendulum mav 
be lengthened by greater Degrees of Heat, or how 
much flower the Clock would go on that Account, 
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when removed into a warmer Climate, a Thermo* 
meter, was fixed by the fide of it; and between the 
Hours of Ten and Eleven in the Morning, and at 
Night, notice was taken at what Height the Spirits 
flood, and the mean Height for each Day was as 
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The Clock-weight that keeps the Pendulum in 
Motion is 12 lb. iof oz. and is to be wound up once 
in a Month. The Weight of the Pendulum itfelf is 
feventeen Pounds, and (during the Time that the 
Clock was compared with the Tranfits of the Star) 
it vibrated each way from the Perpendicular i° 45'. 
The Magnitude of the Vibrations was eftimated by 
means of a Brafs Arc, which was fixed juft under the 
lower end of the Rod of the Pendulum, and divided 
into Degrees, &*c. 

Auguft at, Mr. Graham took off the Weight be¬ 
longing to the Clock, and hung on another of 6 lb. 
3 oz. and with this Weight the Pendulum vibrated 
only 1/ on each fide} and the Clock went one 
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Second and an half flower in 24 Hours, than when 
its own Weight of r2 lb. 10 \oz. was hung on. 

This Experiment fhews, that a fmall Difference in 
the Arcs defcribed by the Pendulum, or a fmall Al¬ 
teration in the Weight that keeps it in Motion, will 
caufeno great Difference in the Duration of the Vi¬ 
brations^ and therefore a little Alteration in the Te¬ 
nacity of the Oil upon the Pivots, or in the Foulnefs 
of the Clock, will not caufe it to accelerate, or retard 
its Motion fenfibly; from whence we may conclude, 
that whatever Difference there fhall appear to be, be¬ 
tween the going of the Clock at London and in Ja - 
maica, it muff wholly proceed from the lengthening 
of the Pendulum by Heat, and the Diminution of 
the Force of Gravity upon it. 

A particular written Account of the Obfervations 
and Experiments hitherto taken Notice of, was deli¬ 
vered to me by Mr. Graham in September , 17315, 
about the fame Time the Clock was put on Ship¬ 
board to be carried to Jamaica. He likewife fent 
very-full Directions to Mr. Campbell, defcribing in 
what manner the Clock was to be fixed up, and how 
the Pendulum might be reduced exactly to the fame 
State as it was when in England ; bur no Intimation 
was given concerning the going of the Clock, that the 
Experiment might be made with all poflible Care, 
and Caution, and without any Byafs, or Prejudice, 
in favour ..of any Hypothefis, or former Obferva¬ 
tions. 

In July 11732, we received an Account of the 
Succefs of the Experiment, by the Hands of Mr. 
Jofeph Harris , who was prefent at the making of 
it in Jamaica , whither he went the Year before 

with 
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with Mr. Campbell, in order toaffift him in his De- 
fign of ere&ing an Obfervatory for the Improvement 
of Aftronomy, and the Promoting other parts of Na¬ 
tural Knowledge in that Ifland: But his ill State of 
Health obliging him to return into England , he 
brought with him the Original Journal of the Obfer- 
vations of the Tranfitsof two Stars {viz. Syrius & 
|3 Cants Majoris) over the Meridian, compared with 
the Clock, after it was fixed up in Jamaica, as Mr. 
Graham had directed ; together with the Height of 
the Spirits of the forementioned Thermometer, upon 
the feveral Days of Obfervation._ 

The chief of thofe Obfervations are contained in 
the following Table, the Firft Column whereof fhews 
the Day of the Month j the Second, the Name of 
the Star, and the Time by the Clock of its obferved 
Tranfit over the Meridian •, the Third contains the 
Hour of the Day, when the Thermometer was obfer¬ 
ved, together with the Height of the Spirits at thofe 
Hours; the Morning Hours being denoted by the 
letter A, and thofe of the Afternoon, by the Let¬ 
ter P. 
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The Tranfits of the Stars over the Meridian, were 
obferved with a Telefcope, fix’d at Right Angles to an 
Horizontal Axis, whofe Ends lay exaftly Eaft and 
Weft} by the turning of which Axis, the Line of Coi- 
limation of the Telefcope, was conftantly dire&ed in 
the Plane of the Meridian. This Inftrument was daily 
adjufted to a Mark, fix’d in the Meridian ; and in the 
Journal, between the id and 3d of February , the 
following Remark was made. 

N. B. ‘This Day was hotter than ufual , as ap¬ 
pears by the 'thermometer ; and the tranftt In- 
Jrument had loft the Level a little , but after we 
had adjufted it, it pointed exactly to our Meri¬ 
dian Mark, and therefore we are at a lofs for 
the Caufe of this Difference in the Clock . 

From the foregoing Table it appears, that the Clock 
loft ii'' in 26 Revolutions of the Stars j that is, 
about 2' in one Revolution} the Difference from 
this Medium fomewhat varying, upon account of a 
greater, or lefs degree of Heat on different Days. 

The Mean of all the obferved Heights of the Ther¬ 
mometer from January 16th, to February 18th, 
was about 12- Divifions. Therefore, the Difference 
between the mean Heights of the Thermometer, at 
Jamaica , and London , during the Intervals of the 
refpe&ive Obfervations, was iyi Divifions; the Spi¬ 
rits ftanding fo much higher in Jamaica , becaufe of 
the greater Heat in that Ifland. 

That we might be able to judge, how much the 
different Degrees of Heat, correfponding to any Num¬ 
ber of Divifions upon this Thermometer, would caufe 

S s 2 the 
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the Clock to go flower, by lengthening its Pendulum, 
lAx.Graham took Notice of the lowell Point, to which 
the Spirits funk at London in the Winter, 1731 ; and 
the greatefl Height to which they rofe in the follow¬ 
ing Summery and comparing the Motion of the Spi¬ 
rits in this Thermometer, with the Alterations in ano¬ 
ther made with Quickfilver, which lie has for fome 
Years madeufeof; he concluded, that at London 
the Spirits in this Thermometer would ftand ( commit - 
nibus ylnms) about 60 Divifions higher in Summer 
than in Winter. 

By feveral Years Experience, he has likewife found, 
that his Clocks (of the fame fort with Mr. Camp - 
bell’s) when expofed, as ufual, to the different De¬ 
grees of Heat and Cold of our Climate, do not vary 
in their Motion above 27 or 30 Seconds in a Day. 

From thefe Obfervations and Experiments there¬ 
fore we may reafonably conclude, that fufficient Al¬ 
lowance will be made for the Lengthening of the Pen¬ 
dulum by Heat, if we fuppofe the Clock, upon that 
Account, to go one Second in a Day flower, when 
the Spirits of this Thermometer ftand two Divifions 
higher, and in the fame Proportion for other Heights. 

Admitting then, that the mean Height of the 
Thermometer, while the Clock was compared with 
the Stars at Jamaica , exceeded that at London be¬ 
tween 15 and 20 Divifions; .if we allow 8, or 9 
Seconds, upon that Account, the remaining Differ¬ 
ence muft be wholly owing to the Difference of the 
Force of Gravity in the two Places. 

Upon comparing the Obfervations, it appears, that 
in one apparent Revolution of the Stars, the Clock 
went 2! 6"i flower in Jamaica y than at London $ de¬ 
ducting 



( 311 ) 

dufting therefore 8% on account of the greater Heat 
in Jamaica, there remains a Difference of i' jB", 
which inuft neceffarily arife from the Diminution of 
Gravity, in the Place neareft the Equator. 

I have allowed the Clock to have lost fomewhat 
more, on account of the Difference of Heat, than the 
mean Heights of the Thermometer may feem to re¬ 
quire, upon a Suppofition, that the total Heat of 
the Days, compared with the Cold of the Nights, 
bears a greater Proportion in Jamaica , than Lon¬ 
don \ but if that Suppofition be not admitted, then 
the Clock in Jamaica , mult have gone rather more 
than i 7 58" in a Day flower than in England. 

Mr. Campbell's Obfervations were made at Black- 
River, in 18°. North Latitude. Now if wefuppofe, 
with Sir IJ'aac Newton, that the Difference in the 
going of the Clock, is owing to the greater Elevation 
of the Parts of the Earth towards the ^Equator, it will 
follow from thefe Obfervations, and what is delivered 
by him in the 20th Prop, of the 3d Book of his 
Principia , that the .Equatorial Diameter is to the 
Polar, as 190 to 189 } the Difference between them 
being 41* Miles ; which is fomewhat greater than 
what Sir IJ'aac Newton had computed from his The¬ 
ory, upon the Suppofition of an uniform Denfity in 
all the Parts of the Earth. 

I {hall not enter into the Difpute about the Figure 
of the Earth, but at prefent fuppofe, with Sir Ifaac 
Newton , that thelncreafe of Gravity, as we recede 
from the ./Equator, is nearly as the Square of the 
Sine of the Latitude ; and that the Difference in the 
Length of Pendulums, is proportional to the Aug¬ 
mentation, or Diminution of Gravity. Upon thefe 

SlippO" 
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Suppofitions, I colled-from the forementioned Obfer- 
vations, that, if the Length of a fimple Pendulum 
(that fwings Seconds at London) be 39.12 6 Engl ip 
Inches, the Length of one at the Equator, would 
be 35>.oo, and at the Poles 39.206. And (at- 
ftrading from the Alteration on account of different 
Degrees of Heat) a Pendulum Clock that would 
go true Time under the ./Equator, will gain 3 / 48"^ in 
a Day at the Poles; but the number of Seconds which 
it would gain in any other Latitude, would be to 
3'. 48'h. nearly, as the Square of the Sine of that Lati¬ 
tude is to the Square of the Radius: From whence it 
follows, that the Number of Seconds which a Clock 
will lofe in a Day, upon its Removal to a Place nearer 
to theAEquator, will be to 3' 48'i nearly, as the Dif¬ 
ference between the Squares of the Sines of the Lati¬ 
tudes of the two Places to the Square of the Radius. 
Thus the Difference of the Squares of the Sines of 
51 01 ., and 18°, the Latitudes of London, and Black- 
River being to the Square of the Radius } as 118 to 
xi8x, the Clock will go 1' 5-8" in a Day flower at 
Black-River than at London , as was found by Ob- 
fervation. 

It may be hoped, that Mr. Campbell' s Succefs in 
this Experiment, and the little Trouble there is in 
making it, will induce thofe Gentlemen who may 
hereafter carry Pendulum-Clocks into diftant Coun. 
tries, to attempt a Repetition of it after his manner; 
that is, by keeping or reftoring the Pendulums of 
their Clocks to the fame Length in the different 
•Places, and carefully comparing them with the Hea¬ 
vens, and at the fame Time taking notice of the differ¬ 
ent Degrees of Heat, by means of a Thermometer. 

From 
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From a variety of fuch Experiments, we fhould be 
enabled to determine how far Sir Ifaac Newton’s 
Theory is conformable to Truth, with much greater 
certainty than from thofe Trials which are made by 
actually meafuring the Lengths of fimple Pendulums; 
becaufe a Difference of one hundreth Part of an Inch, 
in the Length of a Pendulum, correfponds to Eleven 
Seconds in a Day ; and it being eafy to obferve how 
much a Clock gains, or lofes in a Day, even to a 
fingle Second j it is certain, that by means of a Clock, 
compared in the manner abovementioned, we may 
diftinguilh a Difference (in the Lengths oflfochronal 
Pendulums) of one Thoufandth Part of an Inch, or 
lefs j whereas it will be fcarce poflible to meafure their 
true Lengths, without being liable to a greater Error 
than that. Befides, by taking Notice how much a 
Clock gains, or lofes, upon the falling or riling of a 
Thermometer, w T e can better allow for the different 
Degrees of Heat in this, than in the other Method 
of making the Experiment, by a&ual Meafurement; 
fince it may not be cafy to determine how much the 
Meafure itfelf, which we makeufeof, will be length¬ 
ened by different Degrees of Heat. 

For thefe Reafons, I efteem Mr. Campbell 's Expe¬ 
riment to be the moft accurate of all that have hi¬ 
therto been made, and propereft to determine the Dif¬ 
ference of the Gravity of Bodies in different Latitudes ^ 
and therefore I (hall fubjoin a Table, which I com¬ 
puted from it, containing the Difference of the Length 
of a fimple Pendulum,Twinging Seconds at the ./Equa¬ 
tor, and at every fifth Degree of Latitude, together 
with the Number of Seconds that a Clock would 
gain in a Day, in thofe feveral Latitudes,, fuppofing 

it 
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it went true, when under the JEquator; by means 
of which any one may readily compare other the 
like Obfervations with his; and thereby difcover 
whether the Alteration of Gravity in all Places be 
uniform, and agreeable to the Rule laid down by Sir 
Ifaac Newton or not. 
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